Abstract. In this report the deuteron-proton elastic scattering reaction is studied in the range of the deuteron kinetic energy from 500 MeV to 1300 MeV. dp-elastic scattering is considered in the relativistic multiple scattering expansion framework since the Faddeev calculation technique is not applicable at these energies. We start from the AGSequations and iterate them up to a second-order of the nucleon-nucleon interaction. The four contributions are included into consideration: one-nucleon exchange (ONE), single scattering, double scattering, and the term corresponding the delta excitation in the intermediate state. The calculations are performed for four deuteron energies: 500, 880, 1200, and 1300 MeV. The results are presented in comparison with the experimental data on the dp-elastic scattering cross section.
Introduction
Elastic deuteron-proton scattering is the simplest example of the hadron nucleus collision, because a deuteron is the simplest nucleus containing only one proton and one neutron. In the previous papers [1] , [2] we considered this reaction in the multiple scattering expansion formalism. Three contributions, one-nucleon-exchange (ONE), single-scattering (SS), and double scattering (DS), were taken into account. We got a reasonable agreement for the differential cross sections between the theoretical predictions and the experimental data almost in a whole angular range. However, the rise of the differential cross sections at the scattering angle larger than 140
• was not described in the approach [1] , [2] .
In 1969 A.Kerman and L.Kisslinger supposed that resonances can play an important role in deuteron-proton backward elastic scattering [3] . Later the double-scattering diagram with Δ-isobar in the intermediate state was taken into account in dp backward scattering. The significant contribution of this diagram to the reaction amplitude was demonstrated in [4] - [6] , [7] . However, the double scattering with nucleon in an intermediate state was not considered in these papers. Perhaps, it was the reason why the description of the differential cross sections energy dependence was not good enough.
The effort to take the Δ-isobar into account in order to describe dp-elastic scattering was also done in [8] , [9] . In these papers deuteron-proton scattering was considered in a whole angular range, not only at θ * = 180
• . Unfortunately, the process was studied at low energies, T d < 200 MeV, where the Δ-isobar excitation effects are negligible.
In this paper we keep on considering deuteron-proton elastic scattering in the framework offered in papers [1] , [2] . Here we add the Δ-isobar contribution in our approach. The detail of the model can be found in [10] . In this paper we present only basic points and obtained results.
According to the three-body collision theory, the amplitude of deuteron-proton elastic scattering J is defined by the matrix element of the transition operator U 11 :
Here the state |1(23) > corresponds to the configuration, when nucleons 2 and 3 form the deuteron state and nucleon 1 is free. Appearance of the permutation operators for two nucleons P i j reflects the fact that the initial and final states are antisymmetric due to an exchange of the two particles.
Following the Alt-Grassberger-Sandhas formalism [11] , [12] we write the transition operator U βα as:
This transition operator depends on the potential through the channel transition-operator t α of the two-particle subsystems:
where g 0 is a free three-particle propagator and g α is a two-particle resolvent in the three-particle space.
Iterating (2) up to the second order terms of t i we can present the reaction amplitude as a sum of the following four contributions: one nucleon exchange, single scattering and double scattering with the nucleon and delta in the intermediate state, -
Schematically this sequence can be presented by the four diagrams figure (1). The terms in the dp-elastic scattering amplitude J in (3) correspond to: the one-nucleon-exchange (ONE) figure (1a) , the single nucleon-nucleon scattering (SS) figure (1b), the double nucleon-nucleon scattering (DS) figure (1c), and scattering with Δ-isobar in intermedite state figure (1d).
Results and discussions.
We applied the presented above model to describe the differential cross sections. The formal definition of the total cross section of deuteron-proton elastic scattering is given by σ(dp → dp) = (2π) 4 1 6
where |T | 2 is the squared invariant amplitude defined as
The expression for the differential cross section in the center-of-mass can be obtained through the scattering amplitude in the Breit frame as: We evaluated the dp-elastic differential cross section at four energies in a wide range. The results are presented for three cases: 1) only one-nucleon exchange (ONE) and single-scattering (SS) diagrams taken into account, 2) the double-scattering (DS) term is added into the consideration, and 3) the Δ-isobar excitation is included.
At first, the deuteron kinetic energy equal to 500 MeV was considered (figure 2). One can see, the SS-diagram plays an important role up to the scattering angle equal to about 60
• . The DS-contribution is significant at the scattering angle between 60
• and 160
• . The difference between the results taking into account the double scattering and without it reaches 2-3 times at θ * = 120
• .
This energy is not high enough for the Δ-isobar manifestation. Therefore, the inclusion of the Δ-contribution term into the scattering amplitude does not have to influence remarkably to the result. In fact, the results obtained with and without the Δ-isobar term are indistinguishable in a whole angular range.
The second energy is equal to 880 MeV (figure 3). One can see, the contribution of the doublescattering is very significant at this energy. The inclusion of the DS-term into consideration allows to describe the behaviour of the differential cross section at the scattering angle range 60
• − 140 • . The difference between ONE+SS curve and ONE+SS+DS one reaches about 15 times. Note, the Δ excitation begins to manifest itself at the angle equal to about 120
• and describes the behaviour of the experimental data at the angle above 140
• where the differential cross section sharply increases. The dp-elastic differential cross sections at energies equal to T d = 1200 MeV and T d = 1300 MeV are presented in figure 4 and figure 5 , respectively. Here we can observe further enhancement of the double scattering term influence on the result. Also the contribution of the Δ -isobar increases significantly at the scattering angle above 140
Analysing the obtained results one can conclude the following. The differential cross sections are described quite well up to the scattering angles equal to 60
• taking into account only the one-nucleonexchange and single-scattering terms. If we consider the dp-elastic scattering at the angles large than 60
• , it is necessary to include the double scattering term into consideration. It should be noted the double-scattering contribution into the reaction amplitude increases with the deuteron energy growing and may change the value of the differential cross section on a few orders in comparison with the result obtained without inclusion of the DS-term.
The sharp rise of the differential cross section at θ * ≥ 140
• , which is observed in the experimental data, points at the appearance of the addition reaction mechanism. The inclusion of the Δ-excitation term into consideration allowed to describe this rise of the differential cross section at the large scattering angles. The contribution of the Δ-isobar mechanism grows with the initial deuteron energy. It is negligible at T d = 500 MeV and significant at T d = 1300 MeV.
In such a way we got a good description of the differential cross section of deuteron-proton elastic scattering in a whole angular range, from 0
• to 180
• of the scattering angle, in a wide deuteron energy interval, between 500 MeV and 1300 MeV. 
